Background: The Maine Learning Technology Initiative (MLTI) is a program established in the state of Maine in the United States of America, where all students in 7 th and 8 th grades are provided with a notebook computer to use at school and at home during the academic year. Objective: This study aimed to describe the anthropometric measurements, typing proficiency of a cohort of students in the MLTI, and investigate the impact of participatory ergonomics education and use of peripheral notebook accessories on their reported musculoskeletal and visual discomfort. This paper reports the results from the first three years of the study. Methods: This longitudinal study commenced in 2009 with 34 students in 7 th grade consenting to participate for six years through the 12 th grade. Students received ergonomics education about healthy notebook use, reinforced with web-based resources; and were provided with peripheral notebook accessories including a notebook riser, and external keyboard (split or non-split) and an external mouse. Results: The use of an external keyboard resulted in a reduction in neck and shoulder pain. Participants self-reported fewer headaches when using an external mouse. Using no external accessories was associated with self-reported back pain. Although other musculoskeletal discomforts decreased over time, the changes were not statistically significant. There was a trend for the reduction of visual symptoms including dry/watery eyes and sore, tired eyes during the study. Conclusion: Participatory ergonomics training and use of external devices may have significant health benefits for children involved in notebook programs who have daily exposure to this technology for school and leisure purposes. Internal and external validity of the results were limited by small sample size.
INTRODUCTION
Computer use has become an everyday occupation for many school-aged children around the world. Nowadays, children use computers for education, leisure pursuits and communication, both in home and school contexts [1, 2] . Schools frequently encourage children to use computers for activities such as word processing, searching for information on the web, using charts, graphs and educational software [3] ; with notebooks preferentially used in schools because of their relative inexpensive cost and greater transportability, compared to desktop computers. Recently, the Kaiser Foundation report on American children and adolescents aged 8-18 years identified that young people's ownership of a laptop (or notebook) computer had increased from 12% in 2004 to 29% in 2009 [4] . The study found the average daily computer use by children 8-18 years for leisure and social purposes (not including school work) was 2 hours 17 minutes in 2009.
Children and adolescents who use using computers for school work, in addition to leisure activities, both at and away from school, have even higher exposures. Over a decade ago, Harris and Straker reported that among a sample of middle and high school students (N=314) involved in 1:1 notebook programs in Australian private schools, participants used their notebooks for an average of 3.2 hours per day, with a maximum exposure of 15 hours per day for some students [5] . Mean weekly computer use was reportedly 16.9 hours, to a maximum of 80 hours per week for some students.
While the effects of prolonged computer use in adults have been well documented, less research has been conducted on the effects of computer use on the health and well-being of children and adolescents. Harris and Straker (2000) found that 60% of the high school students in their study experienced discomfort associated with notebook computer use at school. A strong correlation with neck, shoulder, and lower back pain and use of computers and other information technologies was found in a study of Finnish adolescents [6] . Similarly, a direct increase in musculoskeletal discomfort in Irish middle school students after using a computer during classes of 40 to 80 minute durations [7] . The musculoskeletal discomfort associated with computer work spaces in schools has been attributed to design, when furniture, including desks and chairs, are inappropriate for a child's body size [8] . A 2010 study of 537 fifth grade school children (aged 9-11 years) measured children's knowledge of, and attitudes towards healthy computing [9] . Forty per cent of the students reported discomfort associated with computer use, but lacked the knowledge about how to appropriately respond to the discomfort. The study found that while the school children had sufficient knowledge of basic ergonomic principles related to the set-up of their computer workstations, they were restricted in translating this knowledge into practice, because of of non-adjustable and ill-fitting furniture at school and home. Children using computers at workstations not specifically designed for computer use are 1.89 times more likely to experience musculoskeletal discomfort compared to children when using furniture specifically designed for computing [10] . Discomfort has also been associated with the transportation of notebook computers to and from school. Harris and Straker (2000) found that 61% of students in their study reported discomfort associated with carrying their notebook computers. Musculoskeletal problems experienced in childhood may persist and result in a chronic musculoskeletal disorder in adulthood [11, 12] .
Visual health complaints have also been associated with computer use.
Computer Vision Syndrome (CVS) has been found among adult computer users and is characterized by symptoms including eyestrain; blurred vision; temporary myopia; dry and irritated eyes; photophobia; double vision, and headaches [13] . Although CVS has not yet been identified among child computer users in the research literature, there is evidence to suggest that school children experience visual discomfort associated with exposure to computer use and when working at poorly designed workstations [5, 10, 11] . Additionally, the visual systems of children are still developing, and therefore they may be more susceptible to injury than adult computer users [14] .
The benefits of computer accessories (e.g. external mouse and keyboard) on musculoskeletal discomfort have been addressed in previous research with adult populations in the workplace. The use of external accessories, including a mouse, keyboard and visual display, has been associated with decreased discomfort in comparison to a stand-alone notebook computer [15, 16] . Although research has investigated the effects of peripheral computer accessories for adults, similar research
has not yet been conducted to determine the effect of computer peripherals, and in particular, using a split keyboard, on musculoskeletal health among children and adolescents.
Education about appropriate workstation design was found to be a positive intervention in diminishing discomfort and pain in middle school students [17] , and reducing computer-related visual symptoms in adult users [18, 19] . Despite the health benefits of ergonomics education among child computer users, many parents and teachers appear unaware of the adverse physical health effects of children's computer use. Studies investigating the amount of training in computer ergonomics, found an overwhelming majority of teachers had received no formal training and did not possess the skills to promote healthy computer use among their students, despite requiring them to use computers to complete assigned school work and homework [8, 20] . A study by Kimmerly and Odell (2008) reported that parents are not primarily concerned with potential musculoskeletal discomfort among their children due to computer use. Instead, parents focused their concern on types of computing activities, such as chat rooms and social networking sites [21] . Similarly, the majority of the school children in the study by Tran and Ciccarelli (2012) reported they did not know if their parents or teachers were concerned about their physical or visual health related to their use of computers. These findings suggest insufficient communication about healthy use of computers by the adults in these children's lives; even though they are in a position to positively influence the children's computing behaviours [9] .
A series of evidence-based guidelines to prevent musculoskeletal symptoms in children using computers was recently published [22] . These guidelines included recommendations for appropriate body mechanics when using and transporting a notebook computer. It is important to create a suitable physical environment that is appropriate to the child's body size and promotes healthy computer use. It is recommended that schools purchase adjustable furniture, so workstations can be individually adjusted for every child so that both feet are supported and the amount of head or neck flexion required to view the screen is minimized [22] . Variation of tasks, postures and muscle activity has also been recommended to reduce the risk of musculoskeletal discomfort [23, 24] . Children reportedly ignore discomfort when engaged in computer-based activities [25] , so regular breaks should be encouraged among children using computers; however middle school children are less aware of the importance of postural and task variation as a means of promoting musculoskeletal health compared to their knowledge of computer workstation set-up [9] . When transporting notebook computers, researchers agree that the child should carry the notebook in a comfortable backpack with two shoulder straps [26] and limit the total weight of the bag to approximately 10% of the child's body weight [27] .
The Maine Learning Technology Initiative (MLTI) was established to prepare students in the state of Maine, in the United States of America for a rapidly changing world by providing students and teachers to work collaboratively with technology on a 1 to 1 basis. In 2002, the state government provided each student in 7 th and 8 th grades
with a notebook computer to use at school and at home; and some towns elected to provide students with notebook computers through the 12 th grade. Research around this initiative suggests that this 1:1 notebook initiative has decreased delinquency among these students, increased student participation in class, and improved student-teacher interactions. Students feel that through using the notebook computers the quality of their learning has improved, they better understand what they are learning and they find school more interesting [28] . Though research has been conducted on the effects of the MLTI on scholastic performance, there have been no studies investigating the effects on the musculoskeletal health of these students. The MLTI does not include mandatory training for students in ergonomic principles for healthy notebook use. Even if some school districts elect to include such training, there is currently no standard curriculum.
This study aimed to investigate the effects of an ergonomics education program on the physical health of the middle school students involved in the MLTI. This paper will provide a summary of our preliminary findings related to reported visual and musculoskeletal symptoms of the MLTI notebook program participants over a three year period, from 7 th grade to 9 th grade. The planned six-year study will continue until the participants' complete high school (12 th grade).
METHODS

Study Design
This is a six-year prospective cohort study using a repeated measures design.
The study commenced at the beginning of the school year in 2009, when the participants were in 7 th grade.
Study sample
A convenience sample of students in 7 th grade enrolled in a Maine public middle school was recruited for this study. Participants were informed of the study requirements including the requirement that they provide self-report data and undergo direct measurement each year of the study. Informed consent and assent to participate in the study was obtained from the students' parents/guardians and the students, respectively.
For the duration of the study, participants received a $10 iTunes gift certificate at the start and conclusion of each academic year, as a token of appreciation for their time. At the conclusion of the study, participants will be allowed to keep the notebook accessories and digital camera used in the study. The Institutional Review Board at Boston University provided ethics approval for this study.
Ergonomics intervention
At the start of the study, all participants received face-to-face ergonomics training from the first author, who is an occupational therapist and a board certified professional Each participant also received a mouse pad printed with a diagram portraying correct posture while using a notebook computer and information that included the key principles reinforced during ergonomics training. The concept: "Work in Comfort:
Change and Vary Your Posture Often" was reinforced. Students were given access to a website specifically developed for this study that provided information designed to reinforce content from the face-to-face ergonomics training. As participants accessed the website, they were introduced to a speaking avatar named Ergo-Bear, who orientated them to the range of ergonomics educational resources available on the website including fact sheets on healthy notebook computing.
____________________________________________________________________
INSERT FIGURE 1 HERE ______________________________________________________________________ Participants received a notebook riser (Aidata brand with 15º / 25º / 35º adjustable options) and an external wireless mouse. Participants were randomly assigned to one of two external keyboards for use at home. Participants in group one received a wireless non-split keyboard, and participants in group two received a wireless split keyboard.
Study outcomes and outcome measures
The study investigated a number of outcomes that are described below. Data (i) Changes in participants' body measurements (height and body mass): these were recorded twice per the participant's academic year during the study. Participants' height was measured using a heavy duty professional tape measure. Body mass was measured using a bathroom scales. Measurements were recorded in imperial measurements (inches and pounds) and converted to centimetres, metres and kilograms prior to analysis. Measurements were taken by two research assistants who were trained in a standard protocol for measurement to achieve consistency in measurement once per year throughout the course of the study. Body mass index was calculated using the formula: body mass (kg)/ height (m 2 ).
(ii) Preferences for, and use of, peripheral computer equipment: A questionnaire developed for the study that identify which peripheral notebook computer equipment, if any, the participants consistently used; their preferences for the type of equipment used; comfort levels, and hours typically spent at the computer. that assessed distance acuity, near acuity, and contrast. The vision examination also documented the student's self-reported symptoms of visual discomfort (e.g. dry or watery eyes, itchy eyes, redness) while using the notebook computer, through the use of a checklist. The vision examination was conducted by a member of the research team, an occupational therapist who specializes in visual impairments.
Other methods of data collection, including computer monitoring software and photographs of participants using their notebook computers in their home environment,
will not be reported in this paper.
STATISTICAL ANALYSES
Standard descriptive statistics (means and standard deviations) were used to summarize the height, weight and body mass index (BMI) of the study participants at each of the data collection time points. A repeated measures ANOVA (implemented as a random effects regression model) was used to identify the statistical significance of any changes in these continuous variables over the course of the study. The same modeling approach was used to identify the significance of any changes in typing speed and accuracy over time. Statistical significance of pairwise differences between means at different time points was assessed from the regression model.
The discomfort outcomes of back-pain, headache and neck/shoulder pain were documented (as present or absent) and a general estimating equation (GEE) used to identify the statistical significance of any changes in these binary variables over time.
The GEE model is similar to a Logistic Regression, except that it takes into account any correlation between results belonging to the same individual over time. In this sense, it may be considered as a 'repeated measures logistic regression'. The influence of any other factors which may have been expected to influence these discomfort outcomes (including the type of keyboard) was assessed by introducing terms into the GEE model representing these variables.
Simple correlation coefficients (Spearman's) were calculated to assess the association between musculoskeletal discomfort and use of computer peripheral accessories (i.e. external keyboard, mouse, notebook riser riser), and location of computer use (e.g. desk, floor, bed), at each time period separately.
For all statistical tests, a p-value < 0.05 was taken to indicate a statistically significant difference or association. Statistical analyses were carried out using the SAS statistical software package (SAS version 9.2, SAS Institute Inc. Cary, NC, USA, 2008).
RESULTS
Participant demographics
At baseline (T1 -October 2009), 34 students (58% males; 42% females) in 7 th grade at one public middle school located in a homogenous, affluent suburb in Maine, USA participated in the study. The following year, data were collected twice when students were in 8 th grade (T2 May 2010 with 26 students participating and T3 -October 2010 with 23 students participating.
After graduating from middle school, the participants entered 9 th grade and started their coursework at the public high school located in the same school district as the middle school. Data were collected once when participants were in 9 th grade; at T5
(October 2011) with 23 participants. Attrition throughout the three years occurred for a number of reasons: some students moved from the school district, there was a lack of interest in the study by some participants, and some participants were absent when the researchers collected data. The out-of-state research team travelled to Maine once during each data collection time period and so the opportunity to return to collect data from absent students was limited.
The mean height (cm), body mass (kg) and BMI (kg/m 2 ) of the participants across the five time periods are shown in Table 1 .
INSERT TABLE 1 HERE
The random effects regression model identified significant changes in height (p<0.001), weight (p<0.001) and BMI (p<0.001). The statistical significances of pairwise differences are shown in Table 2 . Significant changes in height and weight occurred at all time periods, except that there was no change between the final two surveys (T4 to T5). Body Mass Index also showed significant changes up to the second year of the study, but no change from that point onwards.
Typing speed and accuracy
The participants' mean (SD) typing speed (words per minute-wpm) and accuracy (expressed as a per cent of the number of words typed correctly divided by the total number of words typed) in each of the time periods is shown in Table 2 .
INSERT TABLE 2 HERE
The random effects regression model identified significant changes in net typing speed (p<0.0001), gross typing speed (p<0.0001) and typing accuracy (p=0.006) across the five time points (as shown in Table 2 ). Net and gross typing speed improved significantly across all time periods except for T3 to T4. Typing accuracy was significantly better in the final time period (T5) than each of the other periods. When variables indicating back-pain, headache and neck/shoulder pain were introduced into the regression models, they showed no significant association with typing accuracy or speed (net or gross).
Physical discomfort
The GEE models showed that there was a significant drop in neck/shoulder pain over the course of the study, but no significant change in the other discomfort/pain endpoints. Neck/shoulder pain appeared to affect the majority of participants at baseline (76%), but that proportion reduced significantly over the subsequent 3 years of the study (see Table 3 ).
INSERT TABLE 3 HERE
When these GEE models were extended to include a term for the type of keyboard used (split or non-split), there was found to be no significant association between this variable and any of the outcomes (numbers and percentages, along with p-values to compare keyboard type are shown in Table 3 ). Although the numbers of participants in each time period were small, the association between peripheral accessory use and each of the musculoskeletal discomforts was also assessed within each year separately, by examining the Spearman's correlation coefficients. The purpose of this analysis was to identify if associations appeared within certain years only, or across several time periods.
Visual complaints
Consistent with the overall results above (from the GEE model), at T2 (May 2010), using an external keyboard was moderately and negatively correlated with neck and shoulder discomfort (r s = -0.527, p=0.006). Using a mouse was also found to be moderately and negatively correlated with headaches (r s = -0.584, p=0.002) at T2. At T4, using no accessories was moderately and positively correlated with back pain (r s = 0.514, p=0.020). A larger sample size would be required to establish the strength of these relationships, as the small sample in the current study was only able to identify associations with large effect sizes.
Musculoskeletal discomforts and location of notebook computer use
The locations that participants reported using their notebook computers included the desk, floor, table, bed, and other. During T1 (October 2009), the majority of participants (65%) self-reported using their notebook computers at a table; at the desk (54%); the bed (23%); the floor (23%) and other (19%). In all subsequent times, the majority of participants self-reported using their notebook computers at a desk (i.e. May 2010-54%; October 2010-76%; and May 2011-74%).
Variables indicating the location of laptop use were introduced into the GEE models for the musculoskeletal discomforts, but none were found to be significantly associated with any of these dependent variables (headache, neck/shoulder discomfort, back pain). As before, data from each year were examined separately using the Spearman's correlation coefficient. At T2, using the notebook at a desk was moderately and negatively correlated with back pain (r s = -0.553, p=0.009). At T5, using the notebook on a bed moderately and positively correlated with headaches (r s = -0.611, p=0.041) and back pain (r s = 0.611, p=0.041). There were no other significant associations between location of notebook use and reported musculoskeletal discomforts.
DISCUSSION
The school children in this study grew significantly taller and heavier as they aged from the beginning of the study in October 2009 until October 2010, when no further significant change in height or weight was observed. The children's BMI measurements across the five time periods were all within the healthy range, adjusted for age and gender [29] .
The students' net and gross typing speeds improved significantly across time periods during notebook exposure in the MLTI, suggesting they were becoming more proficient in the use of the technology. Typing proficiency expectations for school students vary across educational jurisdictions in the USA and internationally, and there is not consistent evidence in ergonomics research literature to identify typical typing speed and accuracy among children and adolescents, stratified by age. The students in our study demonstrated by the third year of the involvement in the MLTI, mean typing speeds similar to the teens reported in a prior study [21] who were considered to be touch typists. This suggests that regardless of whether the students in our study are classified as touch typists or not, they are not likely to be considered "hunt and peck"
typists. Prior researchers have proposed that typing proficiency is associated with lower ergonomic risks and associated musculoskeletal complaints among child computer users [10, 21] ; however, we found no association between typing proficiency and reported musculoskeletal discomfort in our study.
The prevalence of neck and shoulder pain among our study participants significantly decreased over the duration of the first three years of this longitudinal study; however, we were unable to identify any one specific reason for this. The provision of peripheral accessories such as an external keyboard, mouse and notebook riser has been recommended by others [15] . These accessories appeared to provide health benefits of the students in our study with the use of peripheral notebook accessories generally associated with less musculoskeletal discomfort and headaches; however, our findings require confirmation in a larger sample.
A review of 35 years of empirical ergonomics evidence investigating split geometry keyboards compared to the standard QWERTY keyboard concluded that there are health benefits to the alternative split design [30] . Reduced musculoskeletal discomfort is most likely associated with less awkward postures and lower tissue loads of the hands/wrist when using the split design keyboards; although, benefits are more likely seen among touch typists and at least a four-month durations of use was required before significant reduction in pain symptoms could be identified [31] . With regard to the benefits of the split vs. non-split external keyboard used as an accessory to the notebook in our study, we found no difference in associated discomfort based on keyboard design; suggesting either external keyboard can have health benefits. It is important to note however, that the portability afforded by notebook technology means that when away from the classroom, students can use the notebook in different locations, such as the floor or bed [5, 32] , that do not support the use of accessories, and which may involve non-neutral postures of the head/neck and low back that have been associated with discomfort among computer users [5] .
The visual complaints most often reported by participants in our study were sore, tired eyes (48% of respondents at T1), and dry or watery eyes (48% of respondents at T1) These symptoms have been previously reported in studies of child and adolescent computer users [14] and often occur because of reduced blink rate leading to greater tear evaporation over the eye and drier eyes [33] . Engagement in computer-based activities that hold the child's attention and insufficient self-regulation of time of task can result in sustained periods of lessened blinking and staring at the screen. We did find a trend for reduction in the prevalence of these symptoms across time periods in our study, suggesting study participants became better at self-regulation of visual tasks based on the recommendations provided in the ergonomics education program.
There are some limitations to our study design that should be noted. The study sample was homogenous in regard to socio-demographic factors; they were all from a single public school located in a homogenous, affluent suburb in Maine. Small size and homogeneity of the sample limits the external validity of the study's findings to children from other socio-economic groups.
Constant reinforcement of the study requirements and reminders to participants by the researchers assisted in maintaining participant compliance; however, the study design was very labor intensive for both participants and the researchers. This likely contributed to the attrition of some participants after the first year of the study. The resultant small sample size poses a threat to the internal validity of the study and the possible presence of Type II errors.
CONCLUSION
This study aimed to investigate reported musculoskeletal discomfort and visual complaints among students participating in the Main Learning Technology Initiative who received ergonomics education and equipment to promote healthy notebook computing. This longitudinal study was initiated in 2009, with 34 7 th grade students consenting to participate in an ergonomics education program and provide follow up data every year for six years until they complete the 12 th grade. This article reported results from the first three years of the study.
Over the course of the study, the participants' improved their typing speed and accuracy to become as proficient as touch typists. There was a reduction in neck and shoulder discomfort, which may have been in part attributable to use of peripheral notebook accessories including an external keyboard. Location of notebook use was mainly at a desk or table, which may also be associated with the reduction in discomfort. Visual complaints including sore and tired eyes, and dry or watery eyes significantly reduced over time among study participants. 
